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Abstract

Background: Potential influences of parathyroidectomy (PTx) on the quality of life (QoL) 
in multiple endocrine neoplasia type 1-related primary hyperparathyroidism (HPT/MEN1) 
are unknown.
Method: Short Form 36 Health Survey Questionnaire was prospectively applied to 30 
HPT/MEN1 patients submitted to PTx (20, subtotal; 10, total with autograft) before, 6 and 
12 months after surgery. Parameters that were analyzed included QoL, age, HPT-related 
symptoms, general pain, comorbidities, biochemical/hormonal response, PTx type and 
parathyroid volume.
Results: Asymptomatic patients were younger (30 vs 38 years; P = 0.04) and presented 
higher QoL scores than symptomatic ones: Physical Component Summary score 
(PCS) 92.5 vs 61.2, P = 0.0051; Mental Component Summary score (MCS) 82.0 vs 56.0, 
P = 0.04. In both groups, QoL remained stable 1 year after PTx, independently of the 
number of comorbidities. Preoperative general pain was negatively correlated with PCS 
(r = −0.60, P = 0.0004) and MCS (r = −0.57, P = 0.0009). Also, moderate/intense pain was 
progressively (6/12 months) more frequent in cases developing hypoparathyroidism. The 
PTx type and hypoparathyroidism did not affect the QoL at 12 months although remnant 
parathyroid tissue volume did have a positive correlation (P = 0.0490; r = 0.3625) to PCS 
12 months after surgery. Patients with one to two comorbidities had as pre-PTx PCS 
(P = 0.0015) as 12 months and post-PTx PCS (P = 0.0031) and MCS (P = 0.0365) better than 
patients with three to four comorbidities.
Conclusion: A variable QoL profile was underscored in HPT/MEN1 reflecting multiple factors 
associated with this complex disorder as comorbidities, advanced age at PTx and presence 
of preoperative symptoms or of general pain perception. Our data encourage the early 
indication of PTx in HPT/MEN1 by providing known metabolic benefits to target organs and 
avoiding potential negative impact on QoL.
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Background

Multiple endocrine neoplasia type 1 (MEN1) (#131100) 
is an autosomal dominant inherited syndrome mainly 
caused by germline mutations in the MEN1 tumoral 
suppressor gene (1, 2). Most mutation carriers will develop 
at least one of the main endocrine tumors at the age of  
50 years with the following estimated prevalence: primary 
hyperparathyroidism (pHPT) (82–100%), enteropancreatic 
(30–80%) and pituitary tumors (15–65%) (1, 2, 3, 4, 5). Due 
to its higher penetrance and earlier onset, pHPT accounts 
for the first biochemical and/or clinical manifestation in 
up to 75% of the MEN1 patients (1, 6, 7, 8, 9).

The molecular diagnosis of MEN1 carriers has allowed 
the earlier diagnosis of MEN1-related tumors by periodic 
hormonal and radiologic screening (1, 6, 8, 9, 10, 11). 
Therefore, young patients are predominantly asymptomatic 
at the time of pHPT diagnosis (1, 2, 6, 9, 11). Although 
parathyroidectomy (PTx) is the consensual treatment for 
MEN1-related pHPT (HPT/MEN1), the ideal timing to 
perform the operation in asymptomatic patients, especially 
in young individuals, remains under debate (2, 11, 12, 13).

Patients with HPT/MEN1 frequently require bilateral 
neck exploration as parathyroid disease is mostly 
multiglandular. Accordingly, the two elective surgical 
techniques recommended for HPT/MEN1 are total PTx 
with heterotopic autograft (TPTx+AG) and subtotal PTx 
(SPTx) (2, 13, 14).

Although permanent hypoparathyroidism (HYPO) 
after PTx is an uncommon event in sporadic pHPT (15, 16), 
it is a matter of concern in HPT/MEN1 patients, as HYPO 
occurs in up to 50 and 35% of the patients undergoing 
TPTx+AG and SPTx, respectively (14). The high frequency 
of permanent HYPO in HPT/MEN1 patients may be due 
to multiple factors such as multiple neck explorations by 
asynchronous parathyroid involvement, simultaneous 
total thyroidectomy and low autograft secretory function 
as a result of surgical, technical/anatomical difficulties or 
limited healthy parathyroid tissue available.

As HYPO is expected to be associated with lower quality 
of life (QoL), either by its symptoms or by the treatment 
of hypocalcemia (17), the extent of the surgical procedure 
and its ideal timing in oligo- or asymptomatic HPT/MEN1 
patients should be carefully considered (11, 12). Also, less-
extensive surgeries in HPT/MEN1 have their downsides 
and may increase the risk of persistence/recurrence of 
hypercalcemia requiring multiple operations and their 
possible complications which also impact QoL (18).

In patients with sporadic pHPT, QoL is improved after 
operation mainly due to a reduction of physical symptoms 

(19, 20, 21, 22). Even for asymptomatic sporadic patients, 
a significant gain in QoL after parathyroid surgery has 
been noted when compared with those in vigilance 
(23). Also, for renal HPT patients, another condition of 
multiglandular parathyroid disease, an improvement of 
QoL occurs after SPTx and TPTx+AG, but these patients are 
often highly symptomatic before surgery (24, 25). In turn, 
prospective studies focusing on the role of PTx on QoL in 
MEN1 are absent.

In the last two decades, an increasing interest in 
QoL of MEN1 patients has been observed. Most papers 
were accounted for cross-sectional studies focusing on 
different aspects of QoL applying questionaries sent by 
mail or web-based to MEN1 patients (26, 27, 28, 29, 30). 
Only one study analyzed the QoL at two different times 
(at the hospitalization for various reasons and 6 months 
after) (31). Overall, these papers have revealed lower 
QoL indexes compared to the general population, with 
sporadic HPT or with other chronic conditions (18, 27, 28, 
30, 31). Also, different factors were associated with worse 
QoL in MEN1 patients such as financial burden, persistent 
hyperparathyroidism, increased travel distance and 
higher frequency of doctor appointments/year, younger 
age at diagnosis, employment status and presence of a 
pituitary tumor or pancreatic neuroendocrine tumor 
(NET) and high fear of disease occurrence (18, 27, 29, 
30). However, other studies have revealed normal global 
QoL in MEN1 patients (32) with no impact of pancreatic 
NET on QoL in these patients (18). It was suggested that 
factors such as better comprehension of disease by access 
to a specialized clinical Referral Center and continued 
support of patient associations promote better acceptance 
and higher adaptative capacity probably contributing to 
the relative preservation of the QoL for MEN1 patients 
(26, 32). In a recent review, including the opinion of 
multidisciplinary team of experts in MEN1 syndrome 
and the patient advocacy group, healthy-related QoL 
was selected as one of the future challenges to be  
better explored and understood, aiming to optimize 
medical care for MEN1 patients improving the shared 
decision-making for management and treatment of this 
disorder (33).

More recently, it has been reported that the phenotype 
and outcome of MEN1 phenocopies (mutation-negative 
MEN1 cases) are different in patients harboring a MEN1 
mutation with a potential future impact on the surgical 
and clinical management (34). Importantly, the genetic 
diagnosis of cases included in some previous studies 
approaching QoL in MEN1 are neglected or phenocopies 
were not excluded (18, 26, 27, 28, 32).
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From our knowledge, there is no longitudinal study 
addressing the influence of PTx in HPT/MEN1 patients on 
QoL. Thus, this prospective study intends to, as a primary 
outcome, investigate the QoL parameters before and up to 
1 year after PTx in HPT/MEN1 patients carrying a germline 
MEN1 mutation. Further, as a secondary outcome, the role 
of multiple peri-PTx factors that carry a potential risk of 
interfering with QoL will be explored.

Method

This prospective study, performed from November, 2015, 
to February, 2019, addressed primarily the influence and 
the impact of PTx on QoL in patients with HPT/MEN1. 
As secondary outcome, the role of the following multiple 
perioperative factors on QoL were approached: HPT-
related symptoms, MEN1-associated comorbidities, PTx 
type, parathyroid volume and development of HYPO.

Patients and ethical aspects

The present study was approved by the Institutional 
Ethics Review Board (CEP; register number – CAAE: 
49697715.6.0000.0068), and all patients signed an 
informed consent form.

At admission, all patients with the clinical diagnosis 
of MEN1 have been routinely offered genetic testing in 
our Institution since 2004 (35). All patients meeting the 
criteria for PTx for HPT/MEN1 (described below) were 
invited by one surgeon (MDGB) to participate in the 
present prospective study in our single tertiary center. 
Only patients carrying germline MEN1 mutations were 
included in the final analysis.

HPT was defined as hypercalcemia associated with 
high levels of PTH or normal/high calcium values and high 
or inappropriately normal values of PTH.

Persistent disease was considered when serum calcium 
was elevated until 6 months after PTx. Recurrence was 
defined when calcium levels and PTH were increased 6 
months after PTx.

HYPO was considered when there was a need 
to maintain therapy with calcium (≥1.0 g/day) or in 
association with calcitriol to secure normal calcium, 
irrespective of calcium supplements routinely offered to 
achieve recommended daily intake.

Active investigation of the following comorbidities was 
provided to all patients: functioning and non-functioning 
pituitary tumor, functioning and non-functioning 
pancreatoduodenal NET, other MEN1-related NETs (thymic 

and bronchial), malignant tumors (breast, colon and 
thyroid) and diabetes (type 2 and/or post-pancreatectomy).

Inclusion criteria

The inclusion criteria involved patients who fulfilled 
the criteria for clinical diagnosis of MEN1 and carried a 
germline MEN1 mutation, returned to the 6- and 12-month 
follow-up and replied the two applied questionnaires.

Exclusion criteria

Exclusion factors involved patients with not confirmed 
germline MEN1 mutation, those who failed to answer 
the QoL questionnaire at any scheduled moment, cases 
submitted to less than SPTx, and cases with previous anterior 
cervical exploration, including PTx or thyroidectomy. We 
considered less than SPTx when up to three parathyroid 
glands were identified and/or resected.

Genetic diagnosis

Extraction of genomic DNA, Sanger sequencing covering 
coding/splicing regions of the MEN1 gene and Multiplex 
Ligation-dependent Probe Amplification Assay (MLPA) 
for investigation of large deletions were conducted as 
previously reported (10, 35, 36).

Indications for operation

Surgical treatment was recommended to all symptomatic 
HPT/MEN1 patients. Except for age (<50 years), all 
asymptomatic individuals were advised to surgery if 
they met any of the following criteria established by 
the Consensus for Asymptomatic Sporadic pHPT (37):  
(i) patients with total calcium 1.0 mg/dL above the upper 
limit of the normality; (ii) low bone mass for age and/or 
vertebral fractures; (iii) nephrolithiasis or nephrocalcinosis 
detected by imaging studies; (iv) creatinine clearance  
<60 mL/min; (v). Twenty-four-hour urinary calcium 
excretion ≥400 mg/dL or ≥4mg/kg. Also, the presence of 
gastrinoma was considered as an additional criterion for 
surgery (1, 38, 39).

Type of PTx in HPT/MEN1 patients

The operative strategy for each patient was at the surgeon’s 
discretion mainly based on intraoperative findings: 
macroscopic aspect of parathyroid glands, local anatomy, 
the need for concomitant thyroidectomy, viability 
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of parathyroid tissue after dissection and associated 
morbidities that may increase surgical and anesthetic 
risks in future procedures. Also, all patients were routinely 
submitted to prophylactic thymectomy (40).

SPTx was performed by complete resection of three 
parathyroid glands and part of the fourth, leaving a stump 
of approximately the size of two normal glands (2, 41). 
TPTx+AG corresponded to the resection of all identified 
parathyroids and the immediate forearm autograft of 
30–45 parathyroid fragments measuring 2 × 1 × 1 mm.

All identified parathyroid tissue was measured in 
its three dimensions with a millimetric scale ruler after 
excision or indirectly using the distance between the 
points of a Mixter clamp transposed to a millimetric scale 
as a surrogate measure in the case of the remaining tissue 
in the SPTx. The total volume of each PT was calculated 
with the ellipsoid formula, V = 4/3 × π × a × b × c, where 
a, b and c accounted for the three observed measures 
of the parathyroid glands. Remnant parathyroid tissue 
volume of the stump in SPTx was also measured in its three 
dimensions while the total volume of the autografted 
tissue in TPTx+AG was estimated by sum of the volume 
from fragments used.

QoL questionnaire

During the preoperative hospitalization and every  
6 months after surgery, a psychologist (KCR, blinded 
about surgical method planned) applied the Short 
Form 36 Health Survey Questionnaire (SF-36) (42). The 
questionnaire contains 36 questions that investigate 
eight different domains of QoL: physical functioning (PF), 
role-functioning physical (RP), bodily pain (BP), general 
health (GH), vitality (VT), social functioning (SF), role-
functioning emotional (RE) and mental Health (MH). The 
eight domains were computed and transformed to a 0–100 
scale, with lower scores representing worst QoL in terms 
of the dimensions studied. Two components summarized 
the following measures: Physical Component Summary 
(PCS) – calculated as the mean of PF, RP, BP and GH scores 
– and Mental Component Summary (MCS) – calculated as 
the mean of the VT, SF, RE and MH scores (43). SF-36 scores 
were calculated from the available formula: http://www.
rand.org/health/surveys_tools/mos/36-item-short-form/
scoring.html.

Changes of both PCS and MCS (43) were estimated 
according to preoperative symptoms, including pain, type 
of surgery (TPTx+AG and SPTx) and postoperative HYPO.

The absolute changes of PCS (∆ PCS) and of MCS (∆ 
MCS) were calculated by subtracting preoperative from 

postoperative measurements. The degree of change was 
considered of clinical significance when ∆ MCS or ∆ PCS was 
larger than five points (22, 44, 45). Accordingly, patients 
were stratified in groups as WORSE (∆ ≤−5), STABLE (−5< ∆ 
<+5) or BETTER (∆ ≥+5) in PCS and MCS.

Symptoms

Preoperative symptoms evaluated were bone pain, fatigue 
and/or weakness and pain episodes related to renal stones.

The patients were required to answer about pain 
considering two aspects: (i) categorical answer (yes or no) 
made by physicians (MDGB and DMLJr) and then analyzed 
as symptomatic or not for bone pain; (ii) Numeric Rating 
Scale (NRS) for referred general pain (46) was applied by 
the psychologist (KCR) immediately before the answer 
to the SF-36 questionnaire. The analysis included the 
stratification of pain as mild (1–4), moderate (5–6) and 
severe (7–10) (47).

Biochemical measures

The biochemical parameters evaluated were serum 
levels of total calcium (reference range, 8.6–10.2 mg/dL),  
phosphorus (2.7–4.5 mg/dL), total alkaline phosphatase 
(AP) (35–130 UI/L) and 25(OH)2 vitamin D (VitD) 
(deficiency <10 ng/mL; insufficient 10–30 ng/mL; 
appropriate 30–100 ng/mL; toxicity >100 ng/mL). Intact 
parathyroid hormone levels (PTH) (10–65 pg/mL) were 
measured using a chemiluminescence assay (DPC, Medlab, 
San Antonio, TX, USA). All biochemical measures were 
performed at the time of the preoperative hospitalization, 
6 and 12 months after surgery.

Composition of casuistic

Overall, 57 patients with clinical and/or genetic diagnosis 
of HPT/MEN1 underwent PTx. Sixteen were ineligible and 
11, whose clinical characteristics are depicted at Table 1, 
were excluded by different reasons (Fig. 1).

Statistical analysis

Continuous variables were tested for normality with 
Kolmogorov–Smirnov test. If the distribution passed the 
test for normality, they are presented as mean ± s.d. in some 
tables. On the other hand, non-parametric distributions 
were summarized as median and first (Q1) and third 
quartile (Q3). In order to make comparison easier, we 
presented normal data as median and Q1–Q3 in tables if 
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at least one variable had a non-parametric distribution, 
as in normal distributions, the mean and the median 
are usually similar. Considering inferential statistics, we 
used unpaired or paired Student’s t-test, Kruskal–Wallis 
(with Dunn’s multiple comparison test), ANOVA or 
Bonferroni’s multiple comparison method, Friedman and 
Mann–Whitney tests. Correlations were analyzed with the 
Spearman’s r test. All data compiled for statistical analysis 
were processed in GraphPad Prism1 version 7.0a software. 

Patients were stratified according to the presence/absence 
of symptoms, pain intensity, comorbidities, type of PTx, 
the condition of HYPO and changes in PCS or MCS in 
contingency tables and compared using the Fisher’s exact 
test, Wilcoxon test or the chi-square test.

In addition, analysis of the effect’ size (r) was selected 
to validate correlations on QoL. Cohen’s test was applied 
to parametric samples while the following formula was 
applied to non-parametric ones: (r = |Z|/sqrt(N)), where 

Table 1 Mean values (pre- and post-parathyroidectomy) of biochemical/hormonal data and of QoL scores in 30 HPT/MEN1 
patients studied and basal values of 11 patients excluded. Data presented as median and interquartile range (Q1-Q3).

 
Parameter

 
Included patients (n  = 30)

Excluded patients 
(n  = 11)

Preoperative 6 months 12 months P  value Basal 

Age (years) 38 (28–44) – – – 33 (24–43)
Ca (mg/dL) 10.8 (10.4–11.1) 9.4 (8.9–10.1) 9.4 (9.0–9.9) <0.0001c 10.7 (10.0–11.1)
P (mg/dL) 2.6 (2.3–3.2) 3.4 (3.0–3.8) 3.2 (2.8–3.6) <0.0001c 2.6 (2.0–3.4)
PTH (pg/mL) 104 (76–137) 32 (17–50) 35 (24–46) <0.0001c 133 (65–198)
AP (IU/L) 86 (74–114) 67 (52–84) 69 (56–84) <0.0001c 62 (51–120)
VitD (ng/mL) 21.2 (17.0–23.4) 30.7 (25.2–37.4) 28.8 (23.0–40.7) <0.0001c 21 (17.4–25)
PCS 76 (44–91) 72 (51–92) 80 (46–92) 0.71 81.5 (50.25–91.75)
MCS 66 (36–84) 75 (33–87) 76 (45–89) 0.23 74.8 (45–85.8)
PF 88 (59–100) 90 (64–100) 85 (64–96) 0.57a 95 (60–100)
RP 100 (0–100) 84 (0–100) 100 (0–100) 0.22a 100 (0–100)
BP 88 (41–100) 61 (41–100) 72 (28–100) 0.23a 74 (71–100)
GH 62 (40–77) 62 (44–82) 60 (39–77) 0.55b 67 (42–87)
VT 60 (30–81) 62 (40–80) 65 (39–75) 0.51b 70 (45–85)
SF 69 (38–100) 88 (57–100) 82 (50–100) 0.04a,c 63 (38–100)
RE 100 (0–100) 84 (0–100) 100 (0–100) 0.22a 100 (33–100)
MH 66 (43–80) 70 (44–88) 72 (44–84) 0.23b 68 (52–76)

aCalculated by Friedman test, bCalculated by ANOVA; CSix and 12 months compared to preoperative.
Bold indicates statistical significance, P < 0.05.
AP, alkaline phosphatase; BP, bodily pain; GH, general health perceptions; HPT/MEN1, multiple endocrine neoplasia type 1-related primary 
hyperparathyroidism; MH, mental health; MCS, Mental Component Summary score; PF, physical functioning; PCS, Physical Component Summary score; 
PTH, parathormone; QoL, quality of life; RE, role-functioning emotional; RP, role-functioning physical; SF, social functioning; VT, vitality; VitD, 25(OH)2 

vitamin D.

Figure 1
Flow diagram of included patients. *(n  = 1)  
neck re-operation by persistence of HPT. AG, 
autograft; HPT/MEN1, multiple endocrine 
neoplasia type 1-related primary 
hyperparathyroidism; SPTx, subtotal 
parathyroidectomy; SF-36, Short Form 36 Health 
Survey Questionnaire; TPTx+AG, total 
parathyroidectomy with autograft.
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the absolute value Z is divided by the square root of the 
sample size. The interpretation of values for r is: 0.10 to 
<0.3 (small effect), 0.30 to <0.5 (moderate effect) and ≥0.5 
(large effect).

Results

Overall features

The biochemical/hormonal data and SF-36 summary 
scores of the 30 (TPTx+AG, 10; SPTx, 20) HPT/MEN1 
patients (16 female) before and after PTx are shown in 
Table 1. The median age at the time of PTx was 38 years 
(Q1-Q3: 28–44 years).

Preoperatively, there was no significant correlation 
between age, biochemical/hormonal parameters as Ca, P, 
AP, VitD, PTH or SF-36 summary scores (PCS and MCS).

As expected, there were significant postoperative 
changes in biochemical/hormonal values (Table 1).  
At 12 months after surgery, 23 patients (76.7%; 23/30) had 
normal calcium metabolism and one of seven with HYPO 
was reoperated by persistent HPT (TPTx+AG) 8 months 
after the initial procedure (SPTx). This patient was included  
in the SPTx group as an intention to treat. None had 
recurrent HPT.

Concerning QoL parameters, no significant difference 
occurred in PCS or MCS scores postoperatively (Table 1). 
Overall, median QoL scores remained stable 1 year after 
PTx as a result of high individual variability of the PCS 
and MCS values (Table 1 and Supplementary Figs 1, 2, see 
section on supplementary materials given at the end of 
this article). The only domain that presented a marginal 
significant difference was SF (P = 0.04) (Table 1).

Symptoms and pain before parathyroidectomy

Preoperatively, 19 HPT/MEN1 patients (19/30; 63.3%) 
complained of bone pain, 15 had low bone mineral density 
and 21 cases (21/30; 70%) had nephrolithiasis (clinical-
radiological: 14/21; only radiological: 7/21).

No preoperative biochemical/hormonal differences 
were observed between asymptomatic (11/30; 36.7%) 
or symptomatic (19/30; 63.3%) patients (Table 2). 
Asymptomatic patients were significantly younger 
(P = 0.04) and presented diverse parameters of QoL better 
than observed in symptomatic ones (Table 2). However, 
Fig. 2 shows the great variability of PCS and MCS observed 
in an individual basis in these groups, both pre- and 
postoperatively.

Table 2 Presence or absence of preoperative symptoms. Data 
are presented as median and interquartile range (Q1-Q3).

Parameter
Symptomatic 

(n  = 19)
Asymptomatic 

(n  = 11) P value

Age (years) 38 (32–48) 30 (22–38) 0.04a

SPTx (n  = 20) 13 (65%) 7 (35%) 1.00
TPTx +AG 

(n  = 10)
6 (60%) 4 (40%) –

Ca (mg/dL) 10.7 (10.3–11.1) 10.9 (10.4–11.2) 0.44
P (mg/dL) 2.6 (2.3–3.1) 2.7 (2.4–3.3) 0.35
PTH (pg/mL) 111 (78–171) 101 (58–116) 0.13
AP (IU/L) 88 (75–114) 84 (67–128) 0.82
VitD (ng/dL) 20.3 (16.8–28.0) 23.6 (19.5–25.8) 0.34
PCS 61.2 (39.5–83.0) 92.5 (83.5–94.2) 0.0051a

MCS 56.0 (28.5–75.5) 82.0 (46.2–92.2) 0.04a

PF 80.0 (40.0–90.0) 100.0 (90.0–100.0) 0.0093a

RP 50.0 (0.0–100.0) 100.0 (100.0–100.0) 0.08
BP 62.0 (30.0–100.0) 94.0 (62.0–100.0) 0.14
GH 47.0 (37.0–67.0) 77.0 (62.0–82.0) 0.0062a

VT 45.0 (25.0–70.0) 80.0 (55.0–90.0) 0.01a

SF 50.0 (25.0–100.0) 88.0 (38.0–100.0) 0.21
RE 100.0 (0.0–100.0) 100.0 (33.0–100.0) 0.30
MH 56.0 (28.0–72.0) 76.0 (64.0–84.0) 0.02a

aSignificantly different by Mann–Whitney test.
Bold indicates statistical significance, P < 0.05.
AP, alkaline phosphatase; BP, bodily pain; GH, general health perceptions; 
MH, mental health; MCS, Mental Component Summary score; PF, physical 
functioning; PCS, Physical Component Summary score; PTH, 
parathormone; RE, role-functioning emotional; RP, role-functioning 
physical; SF: social functioning; SPTx, subtotal parathyroidectomy; 
TPTx+AG, total parathyroidectomy with autograft; VT, vitality; VitD, 
25(OH)2 vitamin D.

Figure 2
PCS and MCS before and after the operation according to preoperative 
symptoms. mo, months; PCS, Physical Component Summary score, pre, 
preoperative; MCS, Mental Component Summary score.
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The outcomes of postoperative changes of PCS 
and MCS scores at 6 and at 12 months stratified by 
asymptomatic and symptomatic cases with HPT/MEN1 is 
shown in Supplementary Table 1.

Considering NRS applied before PTx, 21 patients had 
pain (mild, 8; moderate, 6; severe, 7). There was no correlation 
between pain score and age or preoperative biochemical/
hormonal values, except for AP (r = −0.44, CI −0.69 to −0.08, 
P = 0.0162). Pain score had a significant negative correlation 
to PCS (r = −0.60, CI −0.80 to −0.30, P = 0.0004) and to MCS 
(r = −0.57, CI −0.78 to −0.26, P = 0.0009).

Outcomes of SPTx vs TPTx+AG at 6 and 12 months 
after parathyroidectomy

Pre- and postoperative results according to the type of PTx 
are presented in Table 3. The preoperative biochemical/
hormonal parameters and QoL scores were similar 
between patients submitted to SPTx and TPTx+AG and 
remained similar during postoperative outcome except to 
significantly lower levels of PTH and higher ones of P at  
6 months after TPTx+AG.

QoL and postoperative HYPO vs No HYPO at 12 
months after parathyroidectomy

Seven patients (23%) developed HYPO, which was equally 
frequent in cases submitted to SPTx (5/20, 25%) or TPTx+AG 

(2/10, 20%). Patients who developed HYPO after PTx were 
older (P = 0.02) (Table 4).

Also, pre- and postoperative QoL scores and 
biochemical/hormonal parameters were similar between 
cases with or without HYPO, except to lower values of PCS 
at 6 months after surgery in cases with HYPO (P = 0.0156). 
However, this difference did not remain significant at 12 
months post-PTx, although the median was lower (PCS, 
P = 0.08; MCS, P = 1.00) (Table 4).

No significant differences between cases with or without 
HYPO concerning WORSE, STABLE or BETTER PCS or MCS 
were observed (PCS, P = 0.15; MCS, P = 0.61). The absence of 
statistical significance remained even if cases with BETTER 
and STABLE PCS or MCS were aggregated and compared 
to cases with WORSE PCS or MCS (PCS, P = 0.0837; MCS, 
P = 1.0). The same results were found when comparing 
patients with BETTER PCS or MCS against grouped WORSE/
STABLE (PCS, P = 0.3632; MCS, P = 0.4268). Figure 3 shows the 
wide distribution of PCS and MCS in all moments observed 
in these patients that may preclude the observation of 
differences that might exist in individual cases.

The frequency of HYPO was similar in preoperative 
symptomatic (4/19; 21%) and asymptomatic patients (3/11; 
27%; P = 1.0).

Preoperative moderate/severe pain complaints 
occurred more frequently in cases who developed HYPO 
(4/7, 57%) and increased gradually at 6 (5/7, 71%) and at 12 
months (86%, 6/7) (Supplementary Table 2).

Table 3 Results of subtotal (SPTx) or total parathyroidectomy with autograft (TPTx+AG) in HPT/MEN1 patients.

Parameter
SPTx (n  = 20) TPTx +AG (n  = 10)

Preoperative 6 months 12 months Preoperative 6 months 12 months

Age (years) 38 (30–48) _ _ 38 (25–39) _ _
Ca (mg/dL) 10.4 (9.5–10.8) 9.4 (8.9–10.1) 9.4 (9.1–9.8) 11.1 (10.2–11.2) 9.4 (8.2–9.9) 9.4 (8.9–10.0)
P (mg/dL) 2.5 (2.2–3.1) 3.1 (2.8–3.7)a 3.2 (2.7–3.6) 2.9 (2.6–3.3) 3.8 (3.4–4.3)a 3.4 (2.9–3.9)
PTH (pg/mL) 102 (62–115) 40 (27–55)a 34 (22–52) 125 (89–217) 20 (12–31)a 35 (24–41)
AP (IU/L) 78 (68–104) 64 (53–83) 68 (52–84) 102 (82–129) 70 (51–90) 73 (58–86)
VitD (ng/mL) 21.3 (16.8–27.4) 32.2 (27.4–40.2) 30.6 (23.5–42.2) 20.4 (18.5–25.0) 25.4 (23.0–30.4) 26.2 (20.5–33.1)
PCS 93 (83–100) 91 (71–100) 92 (78–100) 90 (63–94) 92 (74–99) 93 (82–100)
MCS 66 (38–83) 70 (34–87) 66 (46–92) 66 (33–88) 82 (32–88) 88 (40–98)
PF 90 (67.5–98.8) 90 (67.5–100) 80 (61.3–98.8) 72.5 (37.5–100) 87.5 (55–96.3) 90 (65–96.3)
RP 100 (46.3–100) 100 (31.3–100) 100 (6.3–100) 25 (0–100) 110 (18.8–100) 100 (75–100)
BP 94 (41–100) 61 (41–98.5) 71 (20–100) 61 (30–100) 67 (48.5–100) 74 (37.5–100)
GH 62 (40.5–79.3) 67 (45.5–82) 59.5 (41.8–75.8) 62 (39.3–75.5) 59.5 (39–84.5) 62 (32.5–80.8)
VT 60 (31.3–78.8) 60 (40–80) 52.5 (40–78.8) 55 (30–86.3) 70 (42.5–81.3) 65 (33.75–71.3)
SF 69 (38–100) 88 (44.3–100) 81.5 (41–100) 62.5 (38–100) 81.5 (53.5–100) 81.5 (50–100)
RE 100 (8–100) 33 (0–100) 100 (0–100) 100 (0–100) 100 (0–100) 100 (24.75–100)
MH 62 (34–79) 66 (44–87) 74 (44–87) 70 (56–80) 82 (45–88) 68 (53–81)

aSignificantly different from SPTx and TPTx+AG (for PTH P = 0.04 and for P P = 0.004).
Bold indicates statistical significance, P < 0.05.
AP, alkaline phosphatase; BP, bodily pain; GH, general health perceptions; HPT/MEN1, multiple endocrine neoplasia type 1-related primary 
hyperparathyroidism; MH, mental health; MCS, Mental Component Summary score; PF, physical functioning; PCS, Physical Component Summary score; 
PTH, parathormone; RE, role-functioning emotional; RP, role-functioning physical; SF, social functioning; SPTx, subtotal parathyroidectomy; VT, vitality; 
VitD, 25(OH)2 vitamin D.
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QoL and parathyroid tissue volume found at the 
operation and excised amount

The median volume of all parathyroids found at the 
operation was 9915 mm3 (from 1939 to 71,876), with no 
difference observed between cases who underwent SPTx 
(7814 mm3, 1939–20,320) and TPTx+AG (12,384 mm3, 
7330–71,876) (P = 0.07) or between asymptomatic (11,733 
mm3, from 5194 to 16,240) and symptomatic cases (3142 
mm3, 2300–7837; P = 0.4911). The median reduction of this 
tissue was 94% (87–95%).

There was no statistically significant correlation 
between the total volume and PCS (P = 0.06) or MCS 
(P = 0.33), except by inverse correlation with RP (P = 0.01, 
r = −0.44, 95% CI = −0.70 to −0.09).

There were no significant differences of the estimated 
parathyroid tissue volume, the relative excised volume 
and of the tissue remaining in cases with or without 
HYPO. There was a tendency (P = 0.0532; r = 0.3565) and 
a statistically significant positive correlation (P = 0.0490; 
r = 0.3625) between PCS and remnant tissue volume at 
6 and 12 months after surgery, respectively. In addition, 
a small statistically significant positive correlation was 
observed between MCS and the estimated volume of 
remnant of parathyroid tissue at 6 months (P = 0.0380; 

r = 0.3807), but it was not sustained at 12 months after 
surgery (P = 0.3972; r = 0.1604).

Comorbidities

At the time of PTx of the 30 patients with HPT/MEN1 
studied, 18 (60%) of them had pituitary tumors 
(prolactinoma, 9; acromegaly, 1; non-functioning  
tumor, 8) being 1 case operated 2 months after PTx by non-
functioning while other waited surgery for acromegaly 
performed more 1 year after PTx. A pancreatectomy by 
pancreatic NET had been performed previously in seven 
patients 9 months to 10 years before PTx. Also, eight 
patients were diabetic, five of them post-pancreatectomy 
and four patients had other NETs (3, bronchial; 1, thymic). 
Two patients had previous history of successful treatment 
of breast carcinoma while one patient was diagnosed with 
papillary thyroid carcinoma before PTx. Two patients 
received oncological therapy (somatostatin analog or 
everolimus) and had stable MEN1-related malign disease 
while other waited decision to begin treatment by 
metastasis from thymic NET.

Two patients had subtotal pancreatectomy by 
pancreatic NET, respectively 2 and 9 months after 
SPTx and the last received additionally adrenalectomy 

Table 4 Pre- and postoperative aspects of patients with or without HYPO.

Parameter
NO HYPO (n  = 23c) HYPO (n  = 7c)

Preoperative 6 months 12 months Preoperative 6 months 12 months

Age (years) _ _ 34 ± 12b _ _ 49 ± 16b

SPTx (n  = 20) _ _ 15 (75%) _ _ 5 (25%)
TPTx+AG 

(n  = 10)
_ _ 8 (80%) _ _ 2 (20%)

Ca (mg/dL) 10.8 (10.3–11.2) 9.4 (8.9–10.1) 9.4 (9.1–9.9) 10.8 (10.5–11.1) 9.1 (6.9–9.9) 9.3 (8.5–9.9)
P (mg/dL) 2.7 (2.3–3.2) 3.4 (3.0–3.8) 3.3 (2.9–3.6) 2.6 (2.4–2.7) 3.2 (3.0–4.3) 2.8 (2.7–3.9)
PTH (pg/mL) 102 (75–129) 37 (26–54) 38 (27–53) 111 (97–233) 18 (8–27) 19 (0–32)
AP (IU/L) 91 (77–114) 72 (60–91) 74 (59–87) 67 (52–75) 52 (36–58) 54 (46–59)
VitD (ng/mL) 21.0 (17.0–28.0) 29.6 (24.8–36.5) 28.7 (22.8–40.3) 21.6 (19.0–25.8) 31.3 (30.2–44.8) 30.4 (23.0–50.4)
PCS 83 (42–90) 80 (63–94) 80 (62–92) 61 (45–94)a 56 (32–69)a 36 (28–92)
MCS 66 (42–83) 80 (47–88) 78 (48–90) 46 (28–92) 45 (23–84) 54 (29–89)
PF 90 (65–100) 90 (75–100) 90 (65–100) 75 (40–90) 65 (55–95) 75 (55–90)
RP 100 (25–100) 100 (75–100) 100 (100–100) 100 (0–100) 25 (0–100) 25 (0–100)
BP 94 (41–100) 71 (41–100) 74 (51–100) 62 (40–94) 51 (41–74) 20 (10–94)
GH 62 (40–75) 72 (42–82) 62 (42–77) 77 (37–90) 52 (47–82) 47 (20–87)
VT 65 (30–80) 65 (45–80) 65 (40–75) 50 (30–90) 40 (30–75) 50 (35–75)
SF 75 (38–100) 88 (63–100) 75 (50–100) 38 (38–100) 75 (13–100) 88 (25–100)
RE 100 (32–100) 100 (0–100) 100 (33–100) 33 (0–100) 0 (0–67) 100 (0–100)
MH 68 (40–76) 72 (44–88) 72 (56–84) 64 (44–80) 64 (44–92) 52 (36–88)

aSignificantly different Wilcoxon matched-pairs signed rank test, P = 0.0156; bSignificantly different by unpaired t-test, P = 0.02; cNumber of cases with 
HYPO at 12 months after PTx.
Bold indicates statistical significance, P < 0.05.
AP, alkaline phosphatase; BP, bodily pain; GH, general health perceptions; HYPO, hypoparathyroidism; MH, mental health; MCS, Mental Component 
Summary score; PF, physical functioning; PCS, Physical Component Summary score; PTH, parathormone; RE, role-functioning emotional; RP, role-
functioning physical; SF, social functioning; SPTx, subtotal parathyroidectomy; TPTx+AG, total parathyroidectomy with autograft; VT, vitality; VitD, 25(OH)2 

vitamin D.
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at the same surgical procedure for non-functioning 
adrenocortical tumor.

An association between comorbidities and pre- and 
postoperative events and with type of PTx was provided 
(Supplementary Table 3). Of note, all patients had at least 
one comorbidity. Preoperative and postoperative PCS and 
MCS scores of 21 patients with one to two comorbidities 
were compared with nine patients presenting three to 
four comorbidities. Worthwhile, patients with one to 
two comorbidities had pre-PCS (PCS pre1-2: 88.0 (65.38–
93.63) vs PCS pre3-4: 39.50 (30–75-63-38); P = 0.0015) 
and postoperative PCS better than patients with three to 
four comorbidities (PCS 12mo1-2: 84.5 (63.38–84.50) vs 
PCS 12mo3-4: 28.75 (20.25–74.13); P = 0.0031). Also, MCS 
12 months after PTx was better in cases with one to two 
comorbidities) MCS 12 mo1-2: 80.25 (54.88–92.63) vs MCS 
12 mo3-4 32.25 (16.38–83.75); P = 0.0365) while there was 
a tendency to better pre-operative MCS (MCS pre1-2: 76.50 
(43.38–91.50) vs MCSpre3-4: 46.25 (32.50–65.75); P =  0.0712). 
However, there was no difference in the QoL (PCS and MCS) 
before and 12 months after PTx as in groups presenting one 
to two as in that with three to four comorbidities.

There was no statistical significance when the absence 
or presence of pain (mild/moderate/severe) was compared 
with comorbidities 1–2 and 3–4 (P = 0.2096) or when groups 
with absence/mild pain or of moderate/severe pain were 
compared with the groups of comorbidities (P = 0.4434).

Effect size analysis

Effect size analysis was applied to validate results of QoL 
(PCS and MCS) before and 12 months after PTx which 
were previously obtained from the non-parametric 
sample. This validation was conducted to the following 

parameters: general population (30 patients), presence/
absence of preoperative symptoms, PTx type and 
presence/absence of HYPO.

Overall, the effect size was considered small  
(r <0.3) or moderate (0.3< r <0.5) to most of our results 
approaching QoL. Thus, our results generated from effect 
size ratified all previous P values. Of note, r was ≥0.5 in 
only two occurrences approaching PCS variation as pre- as  
12 months after PTx to asymptomatic patients (r = 0.538) 
or with HYPO (r = 0.639). However, the sample size was too 
small, and the equality hypothesis should not be refuted.

Discussion

Overall, the QoL remained stable 1 year after PTx in 30 
HPT/MEN1 of the present study contrasting with previous 
studies documenting gain of QoL in sporadic primary HPT 
(19, 20, 21, 22, 23) and renal HPT (24, 25). These different 
findings, probably, were modulated for diverse clinical, 
intra- and postoperative parameters. Of importance, 
preoperative QoL was negatively influenced by the 
occurrence of referred pain, by the presence of symptomatic 
HPT and advanced age. Surprisingly, postoperative QoL 
was not influenced by the type of selected PTx (TPTx+AG or 
SPTx), by the development of HYPO or by the total volume 
of parathyroid tissue found during surgery. In contrast, 
a positive correlation between the volume of remnant 
parathyroid tissue and QoL was noticed.

We found that preoperative symptoms and 
development of HYPO more frequently occurred in the 
elderly patients and, not surprisingly, that cases with 
symptomatic HPT experienced a lower QoL. Finally, we 
found, not previously reported by other authors that, 

Figure 3
Postoperative changes in the median quality of 
life scores (PCS and MCS) according to definitive 
HYPO after the operation. HYPO, 
hypoparathyroidism; PCS, Physical Component 
Summary score, pre, preoperative; mo, months; 
MCS, Mental Component Summary score.
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the intensity of preoperative referred pain was directly 
associated with the occurrence of HYPO in our cohort and, 
as expected, with lower QoL.

Our data suggest that the negative impact of 
symptoms on QoL may not be explained by preoperative 
biochemical/hormonal findings as these parameters were 
similar to that found in asymptomatic cases. Most of our 
operated symptomatic cases were older, suggesting that 
they may have been more exposed to the chronic effects 
of PTH excess and hypercalcemia (39, 48, 49), possibly 
contributing to differences in QoL between symptomatic 
and asymptomatic cases. These data confirm recent 
findings reporting that some PCS parameters were worst in 
older MEN1 patients (32).

It has been suggested that QoL could be included as 
one of the criteria for PTx recommendations, based on 
lower QoL documented in asymptomatic sporadic HPT 
and its improvement in short-term randomized trials (50). 
Of note, a mild gain of QoL 12 months after PTx in sporadic 
HPT was noticed even in normocalcemic cases (51). In 
contrast, this gain of QoL could not be reproduced in our 
HPT/MEN1 data 1 year after surgery as well in asymptomatic 
as for symptomatic ones. Although some preoperative 
SF-36 domains and its summary scores (MCS and PCS) 
were better in our asymptomatic HPT/MEN1 cases, QoL 
after PTx remained stable independent of symptoms (21, 
50, 52, 53). The absence of gain in QoL could have been 
influenced by the limited size of our casuistic and by the 
presence of HYPO cases remnant 1 year after PTx, a scenario 
not expected in sporadic HPT or even by MEN1-related 
comorbidities as discussed forward. Long-term follow-up 
of our cases may exclude the potential influence of HYPO 
as full recovery of parathyroid function more than 1 year 
after PTx in MEN1 patients has been observed (54).

As expected, measured pain by NRS correlated inversely 
with MCS and PCS reinforcing the strong impact of pain on 
QoL. Of note, some patients referred general preoperative 
pain independently of the presence/absence of HPT-related 
symptoms. It is possible that the pain complaint could be 
justified by other MEN1-related comorbidities resultant of 
tumors, surgical treatment (post-pancreatectomy diabetes, 
panhypopituitarism, etc.) or drug adverse effects (18). 
Also, body pain may be part of the anxious and depressive 
symptoms impacting QoL. Furthermore, MEN1 patients 
have worse QoL, more anxiety, depression and fatigue when 
compared with sporadic HPT or other chronic conditions 
(28, 30, 31). By its complexity, QoL in HPT/MEN1 patients 
may be strongly influenced by synchronic occurrence 
of other MEN1-related tumors and their comorbidities. 

Thus, it is not possible to exclude the influence of multiple 
comorbidities in the absence of gain of QoL in our cohort 
1 year after PTx, commonly seen in sporadic forms of HPT.

Of value, all preoperative (age at the surgery, 
biochemical/hormonal values and QoL scores) and 
intraoperative (total volume of parathyroid glands 
identified, excised or remnant) parameters were similar 
independent of the eligible surgical approach (PTxT+AG 
or SPTx). These homogeneous data strengthen the 
comparative analysis of the surgical groups although 
they have not been randomized. The present analysis was 
performed at 12 months after PTx to minimize potential 
interference of higher frequency of HYPO after TPTx+AG 
as of hungry bone syndrome expected at 6 months (54). 
Thus, we document no impact of the surgical type on QoL 
after 12 months independently if patients have developed 
HYPO or not.

Importantly, five (SPTx, 4; TPTx+AG, 1) out of seven 
patients with HYPO at 12 months had normal values of 
PTH after this period requiring suspension of reposition 
therapy. It is expected that this potential interference 
of HYPO on QoL may be minimized as these patients 
may gain functionality of the tissue left in the neck or 
autografted during long-term follow-up. In fact, some 
autografts may take 4 years to present adequate function 
(55). It is possible that the tissue functionality of the stump 
or autograft is more important than the type of surgery 
chosen considering that the remnant parathyroid volume 
was similar in these surgical techniques and in cases with 
or without HYPO. We understand that a more accurate 
standardization of remnant volume associated with recent 
studies investigating intraoperative vascular vitality of the 
parathyroid tissue with indocyanine green fluorescence 
may contribute to estimate the functionality of the 
stump (56). In opposite, the fear of higher risk of HYPO 
after TPTx+AG (14) requires future studies to investigate 
potential predictors of functionality. The adoption of 
similar volume of remnant tissue to stump and autograft 
did not result in higher risk of HYPO in cases submitted 
to TPTx+AG. However, further studies addressing larger 
cohorts are awaited.

Of value, Goswani et al (18) noticed that the surgical 
cure of HPT self-reported by MEN1 patients answering a 
questionnaire on a web-based platform was significantly 
associated with improved QoL independently of frequency 
and of when PTx was performed or of hypocalcemia. 
However, in this cross-sectional study, biochemical/
hormonal data about calcium metabolism are not revealed 
and the temporal relation between PTx and self-reported 
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information of cure is unknown. Thus, the asymptomatic 
occurrence of cases with mild HYPO or recurrent HPT may 
not be excluded and the impact of the successful treatment 
of the MEN1-related multiple comorbidities should have 
influenced this gain of QoL.

Interestingly, the preoperative pain perception was 
statistically related with the occurrence of HYPO as it was 
more prevalent and intense in the group which developed 
HYPO contrasting with stability in group without HYPO. 
This role as a predictive factor would be reinforced by 
the absence of differences in preoperative QoL and 
biochemical features in groups with and without HYPO. 
This correlation could be explained, at least in part, by the 
presence of other MEN1-related comorbidities potentially 
influencing the perception of general preoperative pain. 
In fact, the preoperative pain may disclose more sensitive 
patients due to multiple comorbidities that could be less 
capable to tolerate some nonspecific symptoms or even 
mild hypocalcemia requiring higher doses of calcium 
to restore normal values of calcemia. However, the 
small number of cases to support correlations between 
comorbidities, preoperative pain and HYPO prevented us 
to validate this hypothesis.

Considering recent studies documenting a milder 
phenotype, better outcome and longer survival of MEN1 
phenocopies than observed in MEN1 carriers, studies of 
QoL should support full genetic testing to distinguish 
these subgroups. To our knowledge, only two papers clearly 
excluded phenocopies (29, 30). Importantly, all 30 cases of 
the present study had a pathogenic MEN1 germline variant 
identified by Sanger or MLPA assay nullifying potential 
interferences on QoL for phenocopies.

Multifactorial influences resulted in stable QoL 1 year 
after PTx in our 30 HPT/MEN1 cases. This apparent global 
stability of the QoL scores documented, independently 
of type of performed PTx and presence/absence of HYPO, 
should not frustrate expectance or discourage clinics 
and surgeons for indication of PTx. On the contrary, 
most patients will have potential benefits after restored 
normocalcemia avoiding or minimizing short and long-
term HPT-related complications on target organs without 
additional impact on QoL in this complex disorder (3, 9, 32, 
39, 48, 49, 57). Thus, multifactorial influences seem to be 
more relevant for modulating QoL in MEN1 than only PTx-
related technical aspects. Other prospective QoL studies in 
larger HPT/MEN1 series with longer follow-up periods after 
PTx are warranted to confirm present findings, amplifying 
our knowledge on this subject and, potentially, refining 
the decisions making in upfront of surgical treatment of 
HPT/MEN1 and clinical management.
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